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1. New electron and X-ray diffraction methods have been developed for the structure analysis of organic sensors and detectors.
2. The structure of an organic colorimetric biosensor has been determined by electron diffraction.
3. A new hard hard light-element crystal structure has been discovered and its structure determined.
4. A new method of lensless imaging for electrons and X-rays has been discovered. This method replaces lenses with a computer. X-ray 
diffraction patterns collected at the Lawrence Berkeley Laboratory Advanced Light source (synchrotron) have been inverted to images of 
test objects with a resolution of about 30nm.
5. The lensless imaging method has been applied to electron diffraction patterns obtained in a TEM from metal nanoparticles containing 
defects. Atomic resolution images of these defects at interfaces have been reconstructed from electron microdiffraction patterns. The method 
makes it possible to reconstruct images from new forms of radiation for which no lenses exist.
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 Under this ARO award 41512MS  we have developed and applied an entirely new 
method of imaging atomic structures without using a lens. The method may therefore be 
used to form images with any  radiation for which no lenses exist. Applications of this 
"lensless imaging" technique, which replaces a lens with a computer, have now been 
made using neutron beams, X-ray beams and electron beams. Only the scattering pattern 
is needed to form an image. This pattern of scattered intensity is applied to an iterative 
algorithm which solves the phase problem for scattering from isolated, non-periodic 
objects. We have now published examples at 30nm resolution using sychrotron radiation, 
and (Nature Materials 05) at atomic resolution using electron diffraction. The atomic 
resolution image shows atomic defects in the grain boundaries of a thin metal film. The 
resolution of these images is not limited by the numerical aperture of any lens, and the 
method shows high promise for application to solving proteins which cannot be 
crystallized. We have also extended the application of this phasing method to cryo-
electron microscopy of two-dimensional protein crystals, where it allows three-
dimensional image reconstruction using many diffraction patterns but few images. 
 Based on this solution to the non-crystallographic phase problem we have 
proposed (in Phys Rev Letts, 2004) a bold new method of solving protein structures 
which cannot be crystallised. (Crystallization is an important bottle-neck in new drug 
design and in structural biology generally). The method uses a stream of frozen droplets 
which run across a synchrotron beam, containing proteins. The proteins are aligned by a 
powerful infrared laser. 
 In addtion to this work, we have developed new electron diffraction techniques to 
solve the atomic structure of the thin organic films used as sensors and detectors. We 
have also used these techniques to analyse a new very hard, light elements material 
whose discovery we collaborated in.  This may be the first in a family of new, covalent 
carbonate network structures with useful properties (catalysis, coatings).  Finally , using 
the same electron diffraction methods, we have discovered a new phase of pentacene, a 
material important for attempts to develop organic semiconductors. 
 During the course of this research we have developed a method of high aspect-
ratio lithography, using the etched tracks from high-energy particle beams. 
 Details of all this work are contained in the publications listed earlier. 
 


